A technique for probing ultrafast (attosecond) structural rearrangement in molecules following laser ionization is discussed. The temporal window accessible has recently been extended beyond that previously reported by employing a driving field in the mid-IR.
Abstract:
A technique for probing ultrafast (attosecond) structural rearrangement in molecules following laser ionization is discussed. The temporal window accessible has recently been extended beyond that previously reported by employing a driving field in the mid-IR.
©2007 Optical Society of America
A new technique for probing the ultrafast structural rearrangements of molecules following ionization was demonstrated by our group earlier this year [1] . This technique, termed PACER (probing attosecond dynamics by chirp encoded recollision), allowed intramolecular nuclear dynamics in H 2 + and D 2 + to be followed with an unprecedented temporal resolution (100as).
PACER is based on the process of high-harmonic generation (HHG). The motion interrogated is that of the nuclei following ionization that launches a vibrational wavepacket on the ground ionic potential. The strength of the harmonic emission on return of the continuum electron wavepacket is weaker the more nuclear motion has occurred in the short intervening time window [1, 2] . Moreover, since different harmonic orders are emitted at different times, dynamical information is gained by simply recording an harmonic spectrum and examining the change in signal as a function of order (which maps directly to time) [ To isolate and observe this effect it is necessary to account for the momentum distribution of the returning electron wavepacket. The harmonic signal was therefore compared in two isotopes of the same species. We used 8fs pulses centered at roughly 775 nm, focused beneath a pulsed gas valve to an intensity of 2.4 x 10 14 Wcm -2 to generate harmonics in the D 2 and H 2 [1] . Phasematching conditions ensured that short trajectories dominated the JThA1.pdf ©OSA 1-55752-834-9 signal. The ratio of harmonic signals in D 2 and H 2 was then determined, and found to increase significantly with order ( fig. 1a ). This increase is attributed to the faster nuclear dynamics in H 2 as compared to D 2 : at a given return time, the emission of the relevant harmonic order is suppressed to a lesser extent in D 2 than in H 2 . The nuclear dynamics were then reliably retrieved from the experimental data by use of a genetic algorithm (fig 1b) . Since the birth of the vibrational and electronic wavepackets is naturally synchronized in time, a remarkable temporal resolution is obtained in this measurement: this is determined by the difference in emission time of successive harmonic orders (roughly 100 as).
The time window accessed in the measurement presented in fig. 1 (0.9 -1.5 fs following ionization) is determined by a number of factors. Enlargement of this time window would be a valuable extension to the PACER technique. To this end, we have performed a PACER measurement in H 2 and D 2 at longer pump wavelengths (1300 nm and 1450 nm), thus increasing the average electron return time. This experiment was conducted at the Advanced Laser Light Source (ALLS) facility, using a TOPAZ system producing 30 fs tuneable pulses in the mid-IR. Figure  2a shows the experimental set-up employed. We were able to observe multiple harmonic orders at both pump wavelengths using on-target intensities of 0.8 x 10 14 Wcm -2 and 0.5 x 10 14 Wcm -2 for the 1300 nm and 1450 nm beams respectively. The ratio of the harmonic signals in D 2 and H 2 is shown in figure 2b . At the longer pulse durations used in the 1300 nm and 1450 nm cases, we expect partial alignment of the molecules during the pulse. Predicted curves for both random and parallel alignment are therefore shown in fig 2b (see ref. 1 for details of calculations): these two curves effectively define a "range of uncertainty" for comparison to the experimental data. As shown in fig. 2b , measurements at the three pump wavelengths are qualitatively consistent with the expected ratio based on the known nuclear dynamics. Extension of the time window accessed by the PACER measurement to a time 2.1 fs after ionization is therefore promising. Work is currently underway to retrieve the nuclear dynamics from the experimental data.
